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General Methods
All reactions were carried out under a nitrogen atmosphere with dry solvents using anhydrous conditions unless otherwise stated. Dry, degassed dichloromethane (DCM), acetonitrile (CH3CN), N,N-dimethylformamide (DMF) and tetrahydrofuran (THF) were obtained from a JC Meyer solvent purification system. 3 rd Generation Grubbs catalyst (G3) was prepared according to a literature method. 1 Unless otherwise stated, all other reagents were purchased at the highest commercial quality and used without further purification. Yields refer to chromatographically and spectroscopically ( 
TOF) using a trans-2-[3-(4-tert-butylphenyl)-2-methyl-2-propenylidene]malononitrile (DCTB) matrix. Polymer samples were analyzed
using a Tosoh EcoSEC HLC 8320GPC system with TSKgel SuperHZ-L columns eluting CHCl3 containing 0.25% NEt3 at a flow rate of 0.45 mL/min. All number-average molecular weights and dispersities were calculated from refractive index chromatograms using PStQuick Mp-M polystyrene standards. Thermogravimetric analyses (TGA) were performed under nitrogen atmosphere on TGA/DSC 3 + STAR e system (Mettler Toledo) at a heating rate of 10 °C/min. Differential scanning calorimetry (DSC) analyses were measured on a DSC 3 + STAR e system (Mettler Toledo) under nitrogen atmosphere, and the reported data were obtained from the second or third heating cycle at a heating rate of 10 °C/min.
1:
A 500 mL oven-dried round-bottom flask equipped with a stir bar was charged with amide S1 (11.32 g, 36 After the formation of the ortho-iodophenyl Grignard reagent in situ, a solution of cyclohex-3-ene-1-carbaldehyde (551 mg, 5 mmol, 1 equiv) in THF (6 mL) was added dropwise at -20 °C and the mixture was allowed to warm up to room temperature overnight. The reaction was then diluted with Et2O (10 mL), hydrolyzed in an ice bath with aqueous sat. NH4Cl (30 mL). The layers were separated, and the aqueous phase was extracted with Et2O (2 x 30 mL). The combined organic layers were dried (Na2SO4) and concentrated. The residue was purified by column chromatography (5% to 20% EtOAc in hexanes) to give S2 as a colorless oil (1.26 g, 80% 4, 145.4, 139.5, 139.5, 129.3, 129.3, 128.5, 128.5, 128.2, 128.1, 127.2, 126.9, 126.4, 126.4, 99.0, 98.9, 81.3, 80.6, 40.3, 40.1, 28.5, 26.5, 25.9, 25.6, 25.2, 23.4 
S3:
To a solution of S2 (942 mg, 3 mmol, 1 equiv) in wet DCM was added Dess-Martin periodinane (DMP, 2.54 g, 6 mmol, 2 equiv), and the reaction mixture was stirred at room temperature for 3h. The mixture was diluted with DCM and washed with a 1:1 mixture of 10% Na2S2O3 and aqueous sat. NaHCO3 (30 mL x 2), followed by water (30 mL) and brine (30 mL). The combined organic layers were dried (Na2SO4) and concentrated. The residue was purified by column chromatography (5% to 10% EtOAc in hexanes) to give S3 as a colorless oil (833 mg, 88%). 
General Ring-Opening Metathesis Polymerization (ROMP) Procedure/Examples
Twisted amide 1 was dissolved in DCM in a 4 mL vial, followed by rapid addition of a G3 stock solution in DCM to form reaction solution (0.2 M for the monomer). The reaction was stirred at room temperature for indicated time, and then quenched by ethyl vinyl ether (EVE) and the solvent was removed under vacuum. A small amount of the crude product was dissolved in CDCl3 to determine the monomer conversion by 1 H NMR. The product was purified by precipitating into Et2O/hexane (1/1, v/v), and then characterized using SEC, NMR and MALDI-TOF-MS analyses. Example: ROMP of 1 (Targeting DP 100)
ROMP Condition Screening
Twisted amide 1 (55.57 mg, 0.3 mmol, 100 equiv) was dissolved in DCM (1400 µL) in a 4 mL vial. A solution of G3 (2.18 mg, 0.003 mmol, 1 equiv) in DCM (100 µL) was rapidly added to the twisted amide solution with stirring. After stirring at room temperature for 2 h, the reaction was quenched by EVE (100 µL) and the solvent was removed under vacuum. A small amount of the crude product was dissolved in CDCl3 to determine the monomer conversion by 1 H NMR (91%). The crude polymer P1ROMP-100 was precipitated three times by slowly adding a concentrated DCM solution (2 mL) into a Et2O/hexane mixture (9 mL/9 mL) with vigorous stirring, and then dried under vacuum. The purified polymer was then characterized using Figure S3 . SEC trace of polymer P1ROMP-100. Figure S4 . SEC traces of ROMP of 1 (targeting DP 100) at extended reaction times.
Halide-Rebound Polymerization (HaRP) of 1
Halide-rebound polymerization of 1 was performed according to our reported method. 
Polymerization Kinetic Studies
Twisted amide 1 (27.78 mg, 0.15 mmol, 100 equiv) was dissolved in DCM (700 µL 
Kinetic Studies at Variable Temperatures
Under nitrogen, twisted amide 1 (18.52 mg, 0.1 mmol, 100 equiv) was dissolved in degassed CDCl3 (450 µL) in an NMR tube, and the solution was cooled to 0 ºC. A pre-cooled (0 ºC) solution of G3 (0.73 mg, 0.001 mmol, 1 equiv) in degassed CDCl3 (50 µL) was rapidly added to the NMR tube. The NMR sample was kept at 0 ºC before measured in the NMR instrument at indicated temperature (from 15 ºC to 40 ºC with 5 ºC increments). At different time points (10 sec, 5, 10, 15, 20, 25, 30, 40, 50, 60, 80, 100, 120 
Regioregularity Studies Synthesis of Polymer P2 through halide-rebound polymerization (HaRP)
According to our reported method, twisted amide monomer S4 was synthesized and corresponding HaRP was performed to synthesize polymer H2-P1HaRP (targeting DP 100). 5 The NMR data of S4 and H2-P1HaRP matched those from literature.
Reduction of Polymer P1ROMP to Synthesize H2-P1ROMP
Reduction of polymer P1ROMP (an example: Mn 4.6 kg/mol, Ð 1.20) with diimide was performed according to a literature method 6 . In a 8 mL vial, polymer P1ROMP (37.1 mg, 0.2 mmol of olefin, 1 equiv), p-toluenesulfonylhydrazide (137.8 mg, 0.74 mmol, 3.7 equiv), tributylamine (140.9 mg, 0.76 mmol, 3.8 equiv) and a small amount of BHT (ca. 3 mg) were dissolved in anisole (2 mL). The reaction mixture was connected to vacuum and refilled with nitrogen (repeated for 3 times), before heated up to 140 ºC and stirred overnight.
The reaction was then cooled down to room temperature, and diluted with DCM, and washed with 0.1M HCl, aqueous sat. NaHCO3, water and brine. The organic phase was dried (Na2SO4), filtered and concentrated. The crude mixture was precipitated for three times by slowly adding a concentrated DCM solution into an Et2O/hexane mixture with vigorous stirring, and then dried under vacuum. The purified reduced polymer H2-P1ROMP was then characterized using NMR, SEC and MALDI-TOF-MS analyses (Mn: 4.5 kg/mol, Ð: 1.20). [2b]). Figure S16 . Possible head-to-tail (HT), head-to-head (HH) and tail-to-tail connectivities in P1ROMP. The assignments of aromatic proton b and proton d were determined by COSY experiments of H2-P1HaRP and H2-P1ROMP ( Figure S38 and S43), respectively. In addition, based on HMBC spectra of H2-P1HaRP and H2-P1ROMP, ( Figure S17B and C), carbon a (37.1 ppm)
correlating with aromatic proton b is assigned as the benzylic carbon in H2-P1HaRP, and carbon c (37.2, 37.9 ppm) correlating with aromatic proton d is assigned as the benzylic carbon in H2-P1ROMP. Therefore, HSQC spectra of H2-P1HaRP and H2-P1ROMP ( Figure S17D and E) confirm the assignments of proton a (2.91 ppm) and proton c (2.91, 2.73 ppm) as the benzylic protons in H2-P1HaRP and H2-P1ROMP, respectively. The existence of two types of benzylic protons c in H2-P1ROMP is consistent with the two possible types of connection (tail-to-tail and tail-to-head) on the benzylic position ( Figure S17F ). 
Polymer Thermal Properties
TGA curves of purified P1ROMP and H2-P1ROMP samples were obtained in a nitrogen atmosphere at a heating rate of 10 °C/min. 
Computational Studies
Computational Methods. All the calculations were carried out using Psi4 with the standard grid size (75,302). 7 All of the geometry optimizations and frequency analysis were performed at the B3LYP-D3MBJ/6-311++G(d,p) level of theory in the gas phase. The absence of imaginary frequencies was used to characterize the structures as minima on the potential energy surface. All of the optimized geometries were verified as minima (no imaginary frequencies). Electronic and thermal energies were calculated for all structures. Energetic parameters were calculated under standard conditions (298.15 K and 1 atm). 8 Strain energies and resonance energies were calculated using isodesmic reactions based on total energies (with zero-point energy and thermal corrections) for optimized structures. Gibbs free energies were determined using vibrational frequency calculations. Figure S20 . Structures calculated in this study. 
